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SelectUnfrozenImage from iStockphoto/olada.This year’s winter in Cambridge, Massachusetts—the home
of the Cell Press office—has been a humbling experience.
It has laid bare how poorly suited we as a species are to
cold weather and brings to mind not only ways of keeping
warm but also the adaptions of species better suited to the
cold that we would emulate if we could.
Like other mammals, we have the ability to produce heat
through non-shivering thermogenesis. The molecular under-
pinnings of this are well known—briefly, upregulation of un-
coupling protein 1 (UCP1) in brown adipose tissue helps
mitochondria dissipate energy as heat. Although it is known
that UCP1 expression is sensitive to cold exposure, the
cellular mechanisms of this are unclear. Recently, the lab of
Hei Sook Sul has made a significant step forward in identi-
fying a protein that is critical to UCP1 expression and which
is induced by cold exposure (Dempersmier et al., 2015). The
protein, Zfp516, binds to the UCP1 promoter and drives its
transcription in brown fat, and it further stimulates the brown-
ing of subcutaneous white adipose tissue (beige fat). Beyond
its role in keeping us warm, these features make Zfp516 a
promising target for anti-obesity treatments.
Although UCP1 is particularly effective at heat generation,
countless reactions in a cell release energy as heat. New find-
ings by Riedel et al. (2015) suggest that the heat released by
catalysis, such as the highly exothermic breakdown of
hydrogen peroxide to water and oxygen by the enzyme cata-
lase, has a direct effect on enzyme diffusion. By examining
single-molecule behavior of catalase and other enzymes,
they show that the heat generated by catalysis increases
enzyme diffusion by producing an asymmetric pressure
wave that applies a force that is centered away from the pro-
tein’s center of mass. To imagine a single catalytic event, the
force of a recoiling gun might be one analogy, and though an
enzyme’s cumulative motion would still be Brownian, I never-
theless envision its movement as like a small boat weaving
aimlessly through the warm turquoise waters of a Caribbean
mangrove. But I digress. The authors suggest that the heat-
driven pressure waves may lead to a partial unfolding of
part of an enzyme that could temporarily halt its activity, or
intriguingly, this force might affect the processivity of molec-
ular complexes such as RNA or DNA polymerase.
For many species, these everyday cellular reactions do not
generate enough warmth to counteract the brutal cold of the
environments in which they are found. So if homeothermy—
or hopping a plane to Florida—isn’t an option, what’s a spe-
cies to do? One answer is to embrace the cold. So-called
anti-freeze proteins in species ranging from bacteria to verte-
brates hinder the formation of macroscopic ice by binding
the surface of nascent ice crystals, halting their growth. Arecent study of anti-freeze protein type III (AFP-III) from the
Antarctic eelpout (a fish that looks a bit like an eel) shows
that the protein at temperatures higher than freezing has
‘‘ice-like’’ water layers around the ice binding site of the pro-
tein (Meister et al., 2014). This suggests that it is these or-
dered water molecules and not the protein itself that binds
to nascent ice crystals. In other words, polar fish have a pro-
tein that ‘‘makes’’ ice for ice fishing. Once you’ve wrapped
your head around that, consider this—the anti-freeze pro-
teins of Antarctic icefish not only inhibit formation of ice crys-
tals at subzero temperatures, they also impede their melting
at higher temperatures (Cziko et al., 2014). Meaning, for spe-
cies that rely on anti-freeze proteins, microscopic ice crystals
may persist within them even during periods of above-
freezing temperatures. Looking outside at the bleak gray-
white cityscape, I can’t help but think we could use some
of that ice flowing in our veins until spring comes.
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